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Apart from the magnetic properties, ferrites have been considered as efficient 
electrodes for next generation energy storage devices. This chapter will include 
applications of spinel ferrites such as MnFe2O4, CoFe2O4, ZnFe2O4 and NiFe2O4 in 
supercapacitor. In ferrites, the charge storage arises from the fast-reversible surface 
redox reactions at the electrode/electrolyte interface. In particular, the electrode 
material with high specific capacitance, wide range of operating potential, low 
synthesis cost and its availability on the earth are highly desirable to fabricate a 
supercapacitor. Ferrites with mixed oxidation states have proved as promising 
electrodes in supercapacitors. In this chapter, we summarize the different synthesis 
methods of ferrites based nanocomposites and their electrochemical properties for 
supercapacitor application.
Keywords: ferrites, nanocomposites, electrochemical properties, electrodes, 
supercapacitor
1. Introduction
The continuous depletion and consequently the increased cost of the fossil fuel 
has now become an economic problem for a nation. Moreover, the production of 
CO2 from massive use of fossil fuel in transportation and industrial operations 
increases the greenhouse gases which are responsible for significance change in 
climate (global warming). In future, the demand of fossil fuel is expected to be 
increased rapidly. Therefore, some alternative energy storage systems need to be 
developed in order to meet the demand of energy consumption. Battery is being 
widely utilized in electric vehicles and electronic devices because of its large energy 
density [1–4]. However, the maintenance at regular interval and low power density 
are some drawbacks with battery.
Among various energy storage devices, supercapacitor technology has attracted 
tremendous attention to be used in high power application because of their higher 
power density and longer cycling life [5–9]. Figure 1 depicts the power density 
and energy density of capacitor, battery and supercapacitor. The capacitor with 
largest power density occupies the top position, however, the energy density 
is much lower. Battery can exhibit larger energy density but with lower power 
density. The supercapacitors occupy the important space between capacitor and 
battery with larger power density than batteries and greater energy density than 
capacitors. Supercapacitors are considered suitable candidates as energy storage 
in portable consumer electronic devices, memory back-up systems, microelectro-
mechanical systems, hybrid electric vehicles and medical devices [10–17]. Further 
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improvements are being made in order to extend the applications of supercapacitor 
in different purpose [18–20]. Due to a simple structure (similar electrodes), super-
capacitor technology can be integrated on a Si chip with energy harvesters [21–23].
Supercapacitor can store an excess energy from the harvester and return back 
when required. The supercapacitor performance is governed by the electrodes, 
current collectors, separator and electrolyte. The surface morphology and electri-
cal properties of electrodes are the major factors which mainly control the energy 
storage in supercapacitor. In this connection, a lot of efforts are being made towards 
developing new materials for electrodes and improving their electrochemical 
properties [24–29]. Many materials and their composites have been explored as 
electrodes for supercapacitor [30, 31].
Supercapacitor electrodes can be categorized in two types, 1) Metal oxides, 
which involve faradaic process to store the charge (Pseudocapacitor) [32–34], 2) car-
bon and silicon based materials, these materials store the charge in electric double 
layer (EDL) [27, 35–37]. EDLCs exhibit high rate capability and longer cycle life, but 
low energy storage capacity is a major issue for them [38–40]. On the other hand, 
metal oxide based supercapacitor exhibits larger capacitance and energy density 
than EDLC but the poor rate capability and limited charging/discharging cycle 
numbers are some of their drawbacks [7, 15, 41]. To design a supercapacitor with 
larger energy density without compromising the rate capability is a major challenge. 
In this context, several electrode materials and their combinations have been evalu-
ated for high performance supercapacitor [5, 42–44]. The ferrite materials are also 
being considered as potential electrodes in supercapacitor because of their different 
oxidation states, low price, environmental benignity, and their large abundance 
[26, 45–49]. Moreover, their synthesis process is simple and suitable for production 
at industrial scale. MFe2O4 (M = Mn, Co, Ni, Zn, or Mg) ferrites have been exten-
sively used in supercapacitor. These binary oxides can offer large capacitance due to 
involvement of two ions in redox reactions [13, 47, 50]. Subsequently, several studies 
were performed on ferrite materials such as nickel ferrite, bismuth ferrite, cobalt 
ferrite, manganese ferrite, as electrodes in supercapacitor [46, 51–53]. Ferrites of the 
form MFe2O4 (M = Ni, Co, Zn, etc.) have been considered as potential electrodes 
in energy storage devices because of their good chemically stability and electronic 
properties. Moreover, their nanocomposite can be synthesized using water based 
solution without any organic solvent (Figure 2). In this chapter, research progress 
Figure 1. 
Ragone plot for various charge storage devices. Supercapacitors occupy the space between capacitors and 
batteries with larger energy density than capacitors and larger power density than batteries.
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on ferrite based electrodes (MFe2O4 types) for supercapacitor have been sum-
marized. The supercapacitor performance of ferrite depends on their morphology, 
synthesis process, used precursors, and composition.
2. Cobalt ferrite (CoFe2O4)
CoFe2O4 with high magnetic properties has good mechanical hardness 
and chemical stability, which make it suitable candidate in magnetic device 
applications [54]. Apart from above properties, CoFe2O4 has also shown good 
electrochemical performance in supercapacitor [52, 55–59]. CoFe2O4 nano-
flakes synthesized by chemical bath deposition process have been utilized in 
supercapacitor [52]. The nano flakes were deposited on a stainless steel substrate 
with thickness of 5.3–7.0 μm. The electrochemical properties were investigated 
in three electrode system with 1 M NaOH electrolyte. The nano-flakes showed 
a specific capacitance of 366 F g−1 (interfacial capacitance of 0.110 F cm−2) at 
scan rate of 5 mVs−1. The nano-flakes electrode could preserve 190 Fg−1 capaci-
tance at scan rate of 100 mV/s−1. At such larger scan rates, the inner active sites 
of the electrodes might not participate in redox process, resulting in decrease 
in the capacitance. The CoFe2O4 nano-flakes retained 90.6% capacitance after 
1000 cycles.
Pawar et al. [60], have synthesized CoFe2O4 nanoparticles (average size 23 nm) 
by sol–gel method for supercapacitor application. CoFe2O4 nanoparticles exhibited 
pseudocapacitive behavior in 1 M KOH electrolyte with a three-electrode system 
as observed from the CV curves. The specific capacitance determined from galva-
nostatic charge discharge process were found to be 15 Fg−1 at current density of 0.6 
Ag−1. This lower value of the capacitance may be due to the poor electrical conduc-
tivity of CoFe2O4 nanoparticles. An improved electrochemical performance was 
achieved with CoFe2O4/FeOOH nanocomposite synthesized by one-step hydrother-
mal approach [61]. A mixture of CoFe2O4/FeOOH nanocomposites, carbon black 
and polyvinylidenefluoride (PVDF) in ratio of 80:10:10 wt% was used as electrode. 
The electrode of CoFe2O4 with FeOOH exhibited good value of capacitance at larger 
currents which is essential for a supercapacitor. The electrode showed specific 
capacitance of 332.4, 319.4, 257.2, 239, 193.1, and 180 F g−1 at the current densities 
of 0.5, 1, 2, 5, 8, and 10 A g−1, respectively. About 8.7% loss in capacitance was 
observed after 1000 cycles.
Figure 2. 
Synthesis of ferrite (bismuth ferrite)–graphene nanocomposite as electrodes for supercapacitor using water 
based solution [34]. Bismuth ferrite and graphene were mixed in DI water and then deposited on a conducting 
substrate by drop casting process to fabricate the electrodes for supercapacitor.
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Mesoporous CoFe2O4 thin film also demonstrated good value of specific capaci-
tance of 369 Fg−1 at 2 mV/s−1 in 1 M KOH electrolyte with wide potential window 
of −1.2 to +0.5 V [62]. The capacitance degraded to 167 Fg−1 upon increasing the 
scan rate to 100 mV/s−1 . The mesoporous CoFe2O4 film was prepared by a chemical 
spray pyrolysis technique from the aqueous medium at 475°C substrate tempera-
ture. The film was observed to be uniform on the substrate and free from any crack 
with mesoporous type surface morphology. CoFe2O4 thin film consists of grain with 
size in the range of nm. The electrode of mesoporous CoFe2O4 film showed power 
density of 28.74 kWkg−1 with maintaining energy density of 27.14 Whkg−1.
A large specific capacitance of 429 Fg−1 was obtained by CoFe2O4 nanoparticles 
in 6 M KOH electrolyte at 0.5 Ag−1 [63]. These nanoparticles were prepared by 
hydrothermal and coprecipitation methods using nitrates, chlorides and acetates 
precursors with average size from 11 to 26 nm and surface area of ~34 m2 g−1. 
The nanoparticles has shown an excellent capacitance retention of 98.8% after 
6000 cycles at high current density of 10 Ag−1. The above results indicate that 
CoFe2O4 nanoparticles with the above morphology may be a promising electrode 
material for supercapacitor. A composite of reduced graphene oxide and CoFe2O4 
(RGO–CoFe2O4) was examined for supercapacitor application [64]. The electrode 
of RGO–CoFe2O4 showed a specific capacitance of 123.2 F g
−1 which is larger than 
that of individual constituents RGO (89.9 F g−1) and CoFe2O4 (18.7 F g
−1) at current 
density of 5 mA cm−2. However, about 22% loss in capacitance was observed for the 
electrode RGO–CoFe2O4 after 1000 cycles.
Xiong et al. have developed ternary nanocomposite of cobalt ferrite/graphene/
polyaniline as electrode for high-performance supercapacitor [65]. Hydrothermal 
method was used to make CoFe2O4 nanoparticles and graphene nanosheets and 
then polyaniline (PANI) coating was performed on CoFe2O4 by in situ polymeriza-
tion process. A large specific capacitance of 1133.3 F g−1 at a scan rate of 1 mVs−1 was 
observed by the hybrid ternary nanocomposite electrode in 1 M KOH electrolyte. 
716.4 F g−1 specific capacitance was determined in two electrode system in the same 
electrolyte and at the same scan rate of 1 mVs−1. The electrode demonstrated long 
cycle stability about 96% retention of initial capacitance after 5000 cycles. The 
synergistic effects of three components in the ternary composite improved the 
electrochemical performance of the electrode. The graphene nanosheets greatly 
enhance the electron transfer in the electrode and surface area of the electrode, 
leading to increase in the overall capacitance [8]. In addition, PANI also contributes 
to the pseudocapacitance of CoFe2O4 nanoparticles.
Cobalt ferrite nanoparticles were also used as negative electrode in an asym-
metric supercapacitor with positive electrode of Co(OH)2 and Co2Fe(CN)6 
particles [55]. The negative electrode of CoFe2O4 showed a specific capacitance of 
758.86 F g−1 at 2 mV s−1 in 1 M KOH electrolyte. Overall, the asymmetric super-
capacitor with electrode combination of CoFe2O4ǁAC, CoFe2O4ǁCo(OH)2 and 
CoFe2O4ǁCo2Fe(CN)6 provided the specific capacitance of 339, 127 and 125 F g
−1 at  
1 mVs−1 scan rate.
3. Manganese ferrite (MnFe2O4)
MnFe2O4 based electrodes exhibited good capacitive properties in aqueous electro-
lyte [53, 66–70]. It is observed that MnFe2O4 stores the charge by pseudo mechanism 
in aqueous electrolyte [71]. Shin-Liang Kuo et al. [71] have shown that charge storage 
in MnFe2O4 involves insertion/extraction of proton into/from the lattice at both the 
Mn- and Fe-ion sites. In that study, MnFe2O4 was synthesized by coprecipitation 
method for supercapacitor application. For electrochemical characterization, the 
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MnFe2O4 powder was mixed carbon black and PVDF, and then coated on current 
collector. Electrochemical performance was determined with a three-electrode cell 
in 1 M KCl aqueous solution. The overall specific capacitance of 63.4 Fg−1 was deter-
mined for the electrode and specific capacitance of 115 Fg−1 for MnFe2O4 electrode. 
Baoyan Wang et al. [53] have studied the effect of surfactants on the electrochemical 
performances of MnFe2O4 synthesized by solvothermal method. The capacitive 
performances of MnFe2O4 colloidal nanocrystal cluster was observed to be larger 
than MnFe2O4 hollow sphere in aqueous LiNO3 electrolyte. In that work, an almost 
rectangular CV curves were obtained for MnFe2O4 in a potential range of −0.4-1.5 V. 
Addition of surfactants leads to increase in the capacitance of MnFe2O4 in LiNO3 
electrolyte. It may be due to the reduction of interfacial tension between electrode and 
electrolyte in presence of surfactants with promoting the diffusion of lithium ions. 
After addition of different surfactants, SDS (Anionic surfactant sodium dodecyl sul-
phate), Triton-X-100 (non-ionic surfactant p-toctylophenol) and P123 (poly(ethylene 
glycol)-block-poly(propylene glycol)-blockPoly(ethylene glycol)), the capacitance 
increased about 36.8%, 22.8% and 12.8%, respectively.
V. Vignesh et al. [69] have reported electrochemical properties of MnFe2O4 
spherical nanoparticles (20–50 nm) synthesized by simple and facile coprecipita-
tion method. The capacitor performance was evaluated in different electrolytes, 
1 M LiNO3, 1 M Li3PO4 and KOH. The MnFe2O4 nanoparticles showed specific 
capacitance of 173, 31 and 430 F g−1 in electrolytes of 3.5 M KOH, 1 M LiNO3 and 
1 M Li3PO4, respectively. However, excellent rate performance was observed in 
3.5 M KOH electrolyte with good retention of capacitance at higher current densi-
ties. Supercapacitor with two electrodes of MnFe2O4 nanoparticles exhibited spe-
cific capacitance of 245 F g−1, and energy density and power density of 12.6 Wh kg−1 
and 1207 W kg−1, respectively in 3.5 M KOH electrolyte.
Further, the electrochemical performances of MnFe2O4 colloidal nanocrystal 
clusters (CNCs) was investigated in symmetric supercapacitors with different aque-
ous electrolytes [72]. The specific capacitances of MnFe2O4 electrode was found to 
be 97.1, 93.9, 74.2 and 47.4 F g−1 in electrolytes 2 M KOH, 2 M NaOH, 2 M LiOH and 
2 M Na2SO4, respectively. It was found that MnFe2O4 CNCs exhibited better perfor-
mance in 6 M KOH electrolyte with the specific capacitance of 152.5 F g−1 and reten-
tion of capacitance of about 76% after 2000 cycles. MnFe2O4 colloidal nanocrystal 
assemblies (CNAs) with size of 420 nm, composed of 16 nm nanoparticles showed 
specific capacitance of 88.4 Fg−1 calculated at the current density of 0.01 Ag−1  
[70]. When the current increased from 0.01 to 2 Ag−1  MnFe2O4 CNAs retained 
59.4% capacitance, and 69.2% capacitance after 2000 cycles. The electrochemical 
performance of MnFe2O4 CNAs was related to the size of primary nanoparticles in 
the CNAs.
Further improvement in MnFe2O4 based supercapacitor was made by making 
nanocomposite of MnFe2O4 with grapheme [66, 68, 73–75]. Isara Kotutha et al. 
[73] have used one-pot hydrothermal approach to prepare rGO/MnFe2O4 nano-
composite. A maximum specific capacitance of 276.9 Fg−1 was determined for the 
rGO/MnFe2O4 nanocomposite at scan rate of 10 mVs
−1 in 6.0 M KOH electrolyte. 
A flexible supercapacitor of MnFe2O4/graphene using current collectors of flexible 
graphite sheets has been fabricated [66]. The flexible supercapacitor exhibited 
specific capacitance of 120 F g−1 at 0.1 A g−1 with retaining 105% capacitance after 
5000 cycles.
Larissa H. Nonaka et al. [68] have achieved 195 Fg−1 capacitance for MnFe2O4 
nanoparticles on a crumpled graphene sheet at scan rate of 0.5 Ag−1 in 0.05 M KCL 
electrolyte. A pseudocapacitive behavior was observed in the CV curves which 
indicates that there is major contribution from MnFe2O4 to the overall capacitance 
of the hybrid electrode. A larger specific capacitance of 454.8 F g−1 at 0.2 A g−1 was 
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obtained by a ternary MnFe2O4/graphene/polyaniline nanocomposite fabricated by 
a facile two-step approach. The ternary nanocomposite also exhibited outstanding 
rate capability about 75.8% capacitance retention at 5 A g−1 and excellent cycling 
stability, 76.4% retention in capacitance after 5000 cycles. Specific capacitance of 
307.2 F g−1 at 0.1 A g−1 has been achieved with symmetric supercapacitor. The device 
exhibited a maximum energy density of 13.5 W h kg−1.
4. Zinc ferrite (ZnFe2O4)
Zn ferrite is widely used electrode material in supercapacitor because of its non-
toxic nature, strong redox process, good chemical stability and high storage capac-
ity of 2600 F g−1 [76–81]. Furthermore, the morphology of ZnFe2O4 can also be 
tuned such as nanoparticles [78, 82], nanorods [83] and nano-flakes [78, 80], offer-
ing large surface area for charge storage. M. M. Vadiyar et al. [84] have reported an 
empirical relationship between surface wettability and charge storing capacity for 
ZnFe2O4 nano-flake thin films. Different electrolytes, 1 M KOH, NaOH, LiOH and 
their combinations were chosen for this study. All the CV curves for ZnFe2O4 nano-
flake recorded in the above electrolytes exhibited pseudocapacitive behavior in the 
scan range of 0.0 to −1.3 V. ZnFe2O4 nano-flakes exhibited larger area under the CV 
curves in 1 M KOH due to small hydrated K+ and its fast intercalation and deinterca-
lation on the electrode surface. This is found with good agreement with the smaller 
contact angle value of 12o and larger surface energy of 71 mJ m−2.
ZnFe2O4 thin film synthesized by successive ionic layer adsorption and reaction 
(SILAR) method has shown good value of capacitance specific of 471 Fg−1 in aque-
ous electrolyte of 1 M NaOH at a scan rate of 5 mVs−1 [85]. The synthesized thin 
film of ZnFe2O4 was also used in solid-state symmetric supercapacitor which exhib-
ited specific capacitance of 32 Fg−1 in voltage window of 1.0 V. A power density  
of 277 Wkg−1 with energy density of 4.47 Whkg−1 was achieved with ZnFe2O4 thin 
film based supercapacitor. A specific capacitance of 615 F g−1 has been achieved  
for binder free ZnFe2O4 thin films at current density of 3 mA cm
−2 [79]. The porous 
ZnFe2O4 thin film was tested in asymmetric supercapacitor as a negative electrode 
with positive electrode of Mn3O4. The device showed a specific capacitance of  
81 F g−1 with energy and power density of 28 Wh kg−1 and 7.97 kW kg−1, respec-
tively. 74% retention was observed in capacitance after 3000 cycles.
ZnFe2O4 nanoparticles (size 20–30 nm) synthesized by combustion method was 
used for supercapacitor application [86]. The electrode showed a large maximum 
specific capacitance of 1235 F g−1 calculated at 1 mA cm−2. The electrochemical 
performance of ZnFe2O4 material was also demonstrated in an asymmetric superca-
pacitor as negative electrode and nickel hydroxide as positive electrode. The device 
exhibited voltage window of 1.7 V with specific capacitance of 179 Fg−1 calculated at 
2 mVs−1. 3-D aligned ZnFe2O4 nano-flakes on flexible stainless steel mesh substrate 
have shown promising results as electrode in asymmetric supercapacitor with 
Ni(OH)2 [87]. The asymmetric device exhibited large value of specific capacitance 
of 1625 F g−1 at 1 mA cm−2 with 97% retention in capacitance after 8000 cycles.
ZnFe2O4 microspheres synthesized by solvothermal approach demonstrated a 
specific capacitance of 131 Fg−1 [81]. The electrode of ZnFe2O4 microspheres could 
retain 92% capacitance after 1000 cycles. ZnFe2O4 anchored on multiwalled carbon 
nanotubes (CNT) yielded a high specific capacity of 217 mAh g−1 at 5 mV s−1 [88]. 
A solid-state symmetric supercapacitor with ZnFe2O4-CNT exhibited a highest 
specific energy of 12.80 Wh kg−1 and a specific power of 377.86 W kg−1.
M. M. Vadiya et al. [78] have developed self-assembled ZnFe2O4 nanoflakes@
ZnFe2O4/C nanoparticles heterostructure electrode for high performance 
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supercapacitor application. The hybrid electrode showed very high value of specific 
capacitance of 1884 Fg−1 determined at a current density of 5 mA cm−2. A flex-
ible asymmetric supercapacitor was also designed using ZnFe2O4 nano-flakes@
ZnFe2O4/C nanoparticles heterostructure as a negative electrode and reduced 
graphene oxide as a positive electrode. A specific capacitance of 347 F g−1 was 
achieved from the supercapacitor. The asymmetric supercapacitor exhibited an 
energy density of 81 Wh kg−1and power density of 3.9 kW kg−1. Only 2% loss in the 
capacitance was observed after 35000 cycles.
ZnFe2O4 nanoparticles were dispersed on nitrogen-doped reduced graphene 
for supercapacitor application [82]. The reduction of graphitic oxide, the doping 
of nitrogen to graphene and dispersion of ZnFe2O4 nanoparticles were achieved 
in a single process. The structure of ZnFe2O4/NRG exhibited a specific capaci-
tance of 244 Fg−1 calculated at 0.5 Ag−1. The electrode has also demonstrated 
good rate capability with retention of 131.5 Fg−1 capacitance at 10 Ag−1. ZnFe2O4/
NRG retained 83.8% capacitance after 5000 cycles. In this type of electrode, 
the graphene sheets provide high exposure of active sites for redox process and 
high dispersion of nanoparticles resulting good capacitive performance of the 
electrode [89, 90].
ZnFe2O4 nanorodes with rGO showed a specific capacitance of 1419 Fg
−1 at scan 
rate of 10 mVs−1 in 2 M KOH solution. The electrode demonstrated good reten-
tion of capacitance about 93% after 5000 cycles. The improved electrochemical 
performance is due to the large surface area offered by rGO and good electrical 
conductivity [83]. The porous nano-flakes-ZnFe2O4 thin films demonstrated a 
larger capacitance of 768 Fg−1 at current density 5 mA cm−2 with energy density of 
106 Wh kg−1 and power density of 18 kW kg−1 [76]. The electrode had good cycle 
stability about 88% retention of capacitance after 5000 cycles.
5. Nickel ferrite (NiFe2O4)
Among various metal ferrites, NiFe2O4 is one of the promising ferrite material for 
supercapacitor application. Several studies are available on NiFe2O4 and their nano-
composite as electrode in supercapacitor [46, 91–94]. NiFe2O4 particles with submi-
cron-sized synthesized by the molten salt process demonstrated a specific capacitance 
of 18.5 F g−1 at a scan rate of 10 mV/s [95]. NiFe2O4 nanospheres showed a specific 
capacitance of 122 F g−1 at current density of 8.0 Ag−1 [26]. The results showed that the 
capacitance is increased with increasing the KOH concentration. NiFe2O4 nanospheres 
could store specific energy of 16.9 Wh kg−1 at a high current density of 8.0 Ag−1.
Nagesh Kumar et al. [96] have synthesized mesoporous NiFe2O4 nanoparticles 
(size 10–15 nm) by one step hydrothermal method. The mesopores were distributed 
homogeneously on the surface of NiFe2O4 particle. A surface area of 148 m
2g−1 was 
calculated for the mesoporous NiFe2O4 nanoparticles. It exhibited high value of 
specific capacitance of 1040 Fg−1 at 1 Ag−1 in a three-electrode configuration with 
2 M KOH electrolyte. However, 30% loss in capacitance was observed for NiFe2O4 
nanoparticles after 500 cycles. NiFe2O4 synthesized by combustion route showed 
a specific capacitance of 454 Fg−1 with good cycle stability for 1000 charging-
discharging cycles [46].
To improve the capacitive properties, graphene based materials have been mixed 
with NiFe2O4 [97–99]. Soam et al. [98] obtained a specific capacitance of 207 Fg
−1 
from ferrite/graphene nanocomposite in 1 M Na2SO4 electrolyte (Figure 3). This 
value of capacitance was observed about 4 times greater than NiFe2O4 electrode. 
NiFe2O4 with graphene nanosheets exhibited a stable capacitance about 95% over 
1000 cycles. Numerous pores in the electrode might be responsible for improved 
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electrochemical performance of NiFe2O4. Zhuo Wang et al. [100] have studied the 
reduce graphene oxide–NiFe2O4 nanocomposites for supercapacitor application. 
rGO-NiFe2O4 nanocomposites were prepared by hydrothermal process with vary-
ing the pH value of solution (8, 10, 12 and 14). rGO-NiFe2O4 synthesized with pH 
value of 10 exhibited the largest surface area of 459.6 m2 g−1. A specific capacitance 
of 218.47 Fg−1 was achieved for the rGO-NiFe2O4 (pH -10) at 5 mV/s
−1, which is the 
largest among all the samples.
Figure 3. 
(a) TEM images of graphene/NiFe2O4 nanocomposite. NiFe2O4 nanoparticles have good contact with graphene, 
providing fast charge transportation within the electrode (b) CV curves of graphene and NiFe2O4 recorded at 5 
mVs−1. The nanocomposite of graphene/NiFe2O4 exhibited larger area under CV curve, indicating better charge 
storage capacity than NiFe2O4. (c) CV curves at different scan rates for graphene/NiFe2O4 nanocomposite. 
(d) Capacitance versus scan rate for the graphene/NiFe2O4 nanocomposite, the electrode exhibited specific 
capacitance in the range of 207-30 Fg−1 at scan rates of 5-100 mVs−1 and (e) charging/discharging curves with 
constant current of 0.5 mA. (f) Cycle stability test performed over 1000 cycles [98].
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Addition of conducting network of PANI to NiFe2O4 improved the electro-
chemical performance of PANI-NiFe2O4 nanocomposite electrode [101]. A specific 
capacitance of 448 Fg−1 was achieved with PANI-NiFe2O4. The electrode showed 
80% retention in the capacitance after 1000 cycles at the rate of 10 mAcm−2. A 
composite of mesoporous NiFe2O4 with multiwall carbon nanotubes (MWCNTs) 
prepared via hexamethylene tetramine (HMT) assisted one pot hydrothermal process 
exhibited large value of specific capacitance, 1291 F g−1 determined at 1 A g−1 [92]. 
The electrode showed capacitance retention of 81% over 500 charge–discharge cycles 
in 2 M KOH electrolyte. The asymmetric device with NiFe2O4/CNT nanocomposite 
as cathode and N-doped graphene as anode demonstrated a specific capacitance of 
66 F g−1 with energy density of 23 W h kg−1 and power density of 872 W kg−1.
NiFe2O4 nanoparticles grown on a flexible carbon cloth substrate via hydrother-
mal method demonstrated a high capacitance 1135.5 F g−1 in 1 M H2SO4 electrolyte 
and 922.6 F g−1 in 6 M KOH electrolyte with current density of 2 mAcm−2 [93]. 
The large capacitance can be attributed to the conductive 3D network of carbon 
cloth and large surface area for NiFe2O4 nanoparticles. The binder free electrode 
of NiFe2O4 nanocone forest on carbon textile (NFO-CT) exhibited specific capaci-
tance of 697 F g−1 calculated by CV at scan rate of 5 mV s−1 [94]. Further, a solid 
state supercapacitor of NFO-CT also demonstrated good value of capacitance of 
584 F g−1 at 5 mV s−1. Moreover, the device showed good cycle stability with 93.57% 
capacitance retention over 10,000 cycles. These results indicate that NFO-CT may 
be a promising candidate for high performance supercapacitor. The capacitance 
of NiFe2O4 was also observed to be dependent on the synthesis process [91]. The 
NiFe2O4 synthesized by combustion, polyol-mediated and sol–gel methods have dif-
ferent morphology and consequently different value of capacitance. A high specific 
capacitance value of 97.5 Fg−1 was obtained from sol–gel synthesized method. The 
size of grains and pores are smaller for sol–gel synthesized NiFe2O4 which could be 
the reason for better value of capacitance.
1D NiFe2O4/graphene composites prepared via hydrothermal process exhibited 
specific capacitance of 481.3 F g−1 at a current density of 0.1 A g−1 [97]. The 1D 
NiFe2O4/graphene electrode maintained 298.2 F g
−1 capacitance upon increasing the 
current density to 10 A g−1. The electrode demonstrated outstanding cycle stabil-
ity over 10000 cycles (about 1% degradation in capacitance). On the other hand, 
40% loss of capacitance was observed for NiFe2O4 electrode (125 to 75 F g
−1). The 
excellent electrochemical performance of NiFe2O4/graphene composites electrode 
is due to the conducting network of graphene and large number of redox active site 
from NiFe2O4. Ternary nitrogen-doped graphene/nickel ferrite/polyaniline (NGNP) 
nanocomposite showed specific capacitance of 645.0 F g−1 at 1 mV s−1 [99]. In a 
two-electrode symmetric system, the energy density and power density were deter-
mined to be 92.7 W h kg−1 and 110.8 W kg−1, respectively. About 90% retention in 
capacitance was seen after 10,000 cycles. The electrochemical behavior of NGNP is 
improved due to combined effects of EDLC and pseudocapacitor.
6. Conclusions
In this chapter, electrochemical performance of selected ferrites (CoFe2O4, 
MnFe2O4, ZnFe2O4, and NiFe2O4) and their nanocomposites with conducting 
carbon network for supercapacitor has been reviewed. Their synthesis process was 
also highlighted. The surface morphology of these materials plays an important 
role in supercapacitor. These materials store the charge by redox process. However, 
poor electrical conductivity is the main limitation to be used them in fast charging/
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discharging supercapacitor. In this regard, their nanocomposites with graphene 
enhanced the electrochemical performance. Nano-flakes type structure with 
graphene exhibited great electrochemical performance in supercapacitor.
Conflict of interest
The authors declare no conflict of interest.
© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
11
Application of Ferrites as Electrodes for Supercapacitor
DOI: http://dx.doi.org/10.5772/intechopen.99381
References
[1] T. Kim, W. Song, D. Y. Son, L. K. 
Ono, and Y. Qi, “Lithium-ion batteries: 
outlook on present, future, and 
hybridized technologies,” J. Mater. 
Chem. A, vol. 7, no. 7, pp. 2942-2964, 
2019, doi: 10.1039/C8TA10513H.
[2] N. Nitta, F. Wu, J. T. Lee, and G. 
Yushin, “Li-ion battery materials: 
Present and future,” Mater. Today, vol. 
18, no. 5, pp. 252-264, 2015, doi: 
10.1016/j.mattod.2014.10.040.
[3] H. J. Kim et al., “A comprehensive 
review of li-ion battery materials and 
their recycling techniques”, vol. 9, no. 7, 
1161, 2020, doi: org/10.3390/
electronics9071161
[4] H. Ning, J. H. Pikul, R. Zhang, X. 
Li, S. Xu, J. Wang, J. A. Rogers, 
William P. King, and Paul V. Braun, 
“Holographic patterning of high-
performance on-chip 3D lithium-ion 
microbatteries” Proceedings of the 
National Academy of Sciences, vol. 
112, no. 21, 6573-6578, 2015, doi: 
10.1073/pnas.1423889112
[5] B. Pu et al., “Flexible supercapacitors 
based on carbon nanomaterials,” J. 
Mater. Chem. A Mater. energy Sustain., 
vol. 3, no. 1, pp. 22507-22541, 2014, doi: 
10.1016/j.mattod.2015.01.002.
[6] M. Huang, F. Li, F. Dong, Y. X. 
Zhang, and L. L. Zhang, “MnO2-based 
nanostructures for high-performance 
supercapacitors,” J. Mater. Chem. A, vol. 
3, no. 43, pp. 21380-21423, 2015, doi: 
10.1039/c5ta05523g.
[7] M. Zhi, C. Xiang, J. Li, M. Li, and N. 
Wu, “Nanostructured carbon – metal 
oxide composite electrodes for 
supercapacitors : a review,” pp. 72-88, 
2013, doi: 10.1039/c2nr32040a.
[8] A. Soam, P. Kavle, A. Kumbhar, and 
R. O. Dusane, “Performance 
enhancement of micro-supercapacitor 
by coating of graphene on silicon 
nanowires at room temperature,” Curr. 
Appl. Phys., vol. 17, no. 2, 2017, doi: 
10.1016/j.cap.2016.11.011.
[9] R. Kumar, A. Soam, R. Hussain, I. 
Mansuri, and V. Sahajwalla, “Carbon 
coated iron oxide (CC-IO) as high 
performance electrode material for 
supercapacitor applications,” J. Energy 
Storage, vol. 32, no. August, p. 101737, 
2020, doi: 10.1016/j.est.2020.101737.
[10] M. Beidaghi and Y. Gogotsi, 
“Capacitive energy storage in micro-
scale devices: Recent advances in 
design and fabrication of micro-
supercapacitors,” Energy Environ. Sci., 
vol. 7, no. 3, pp. 867-884, 2014, doi: 
10.1039/c3ee43526a.
[11] A. Ben Amar, A. B. Kouki, and H. 
Cao, “Power Approaches for 
Implantable Medical Devices,” Sensors 
(Basel), vol. 15, no. 11, pp. 28889-28914, 
2015, doi: 10.3390/s151128889.
[12] X. Wei et al., “Flexible fiber energy 
storage and integrated devices : recent 
progress and perspectives,” J. Mater. 
Chem. A Mater. energy Sustain., vol. 3, 
no. 1, pp. 1553-1565, 2014, doi: 10.1016/j.
bios.2009.12.001.Emerging.
[13] M. I. A. A. Maksoud et al., 
“Advanced materials and technologies 
for supercapacitors used in energy 
conversion and storage : a review”, 
Environmental Chemistry Letters, vol. 
19, no. 1, pp. 375-439, 2021, doi: 
org/10.1007/s10311-020-01075-w.
[14] Y. H. Joung, “Development of 
Implantable Medical Devices : Int 
Neurourol J. 2013 Sep;17(3):98-106. doi: 
10.5213/inj.2013.17.3.98.
[15] W. Zheng, “A review for aqueous 
electrochemical supercapacitors,” vol. 3, 
no. May, pp. 1-11, 2015, doi: 10.3389/
fenrg.2015.00023.
Ferrites - Synthesis and Applications
12
[16] P. Sundriyal and S. Bhattacharya, 
“Energy Harvesting Techniques for 
Powering Wireless Sensor Networks in 
Aircraft Applications: A Review. In: 
Bhattacharya S., Agarwal A., 
Prakash O., Singh S. (eds) Sensors for 
Automotive and Aerospace 
Applications. Energy, Environment, and 
Sustainability. Springer, Singapore, 
2019, doi: 10.1007/978-981-13-3290-6.
[17] H. Gao, S. Liu, Y. Li, E. Conte, and 
Y. Cao, “A critical review of spinel 
structured iron cobalt oxides based 
materials for electrochemical energy 
storage and conversion,” Energies, vol. 
10, no. 11, 2017, doi: 10.3390/en10111787.
[18] A. Yan, X. Wang, and J. Cheng, 
“Research Progress of NiMn Layered 
Double Hydroxides for Supercapacitors : 
A Review,” Nanomaterials (Basel), vol. 
8, no. 10, pp. 747, 2018, doi: 10.3390/
nano8100747.
[19] A. A. El-Moneim, “Two steps 
synthesis approach of MnO2/graphene 
nanoplates/graphite composite electrode 
for supercapacitor application,” Mater. 
Today Energy, vol. 3, pp. 24-31, 2017, 
doi: 10.1016/j.mtener.2017.02.004.
[20] Y. Hou, Y. Cheng, T. Hobson, and J. 
Liu, “Design and Synthesis of 
Hierarchical MnO2 Nanospheres/
Carbon Nanotubes/Conducting Polymer 
Ternary Composite for High 
Performance Electrochemical 
Electrodes,” Nano Lett, vol. 10, no. 7, pp. 
2727-2733, 2010, doi: 10.1021/nl101723g.
[21] A. D. Smith et al., “Carbon-Based 
Electrode Materials for 
Microsupercapacitors in Self-Powering 
Sensor Networks : Present and Future 
Development.” Sensors, vol. 19, no.19, 
pp. 4231, 2019, doi: org/10.3390/
s19194231.
[22] A. Soam, N. Arya, A. Singh, and R. 
Dusane, “Fabrication of silicon 
nanowires based on-chip micro-
supercapacitor,” Chem. Phys. Lett., vol. 
678, pp. 46-50, 2017, doi: 10.1016/j.
cplett.2017.04.019.
[23] A. Soam, K. Parida, R. Kumar, P. 
kavle, and R. O. Dusane, “Silicon-
MnO<inf>2</inf> core-shell nanowires 
as electrodes for micro-supercapacitor 
application,” Ceram. Int., vol. 45, no. 15, 
2019, doi: 10.1016/j.ceramint.2019. 
06.127.
[24] R. Kumar, A. Soam, R. O. Dusane, 
and P. Bhargava, “Sucrose derived 
carbon coated silicon nanowires for 
supercapacitor application,” J. Mater. 
Sci. Mater. Electron., vol. 29, pp. 
1947-1954, 2018, doi: 10.1007/
s10854-017-8105-x.
[25] A. Sarkar, A. K. Singh, D. Sarkar, G. 
G. Khan, and K. Mandal, “Three-
Dimensional Nanoarchitecture of BiFeO 
3 Anchored TiO 2 Nanotube Arrays for 
Electrochemical Energy Storage and 
Solar Energy Conversion,” ACS 
Sustainable Chem. Eng., vol. 3, no. 9, 
pp. 2254-2263, 2015, doi: 10.1021/
acssuschemeng.5b00519.
[26] A. Ghasemi, M. Kheirmand, and H. 
Heli, “Synthesis of Novel NiFe2O4 
Nanospheres for High Performance 
Pseudocapacitor Applications,” Russian 
Journal of Electrochemistry, vol. 55, no. 
3, pp. 341-349, 2019, doi: 10.1134/
S1023193519020022.
[27] S. L. Candelaria et al., 
“Nanostructured carbon for energy 
storage and conversion,” Nano Energy, 
vol. 1, no. 2, pp. 195-220, 2012, doi: 
10.1016/j.nanoen.2011.11.006.
[28] R. Kumar, A. Soam, and V. 
Sahajwalla, “ Carbon coated cobalt 
oxide (CC-CO 3 O 4 ) as electrode 
material for supercapacitor applications 
,” Mater. Adv., vol. 2, no. 9, pp. 2918-
2923, 2021, doi: 10.1039/d1ma00120e.
[29] R. Kumar, B. K. Singh, A. Soam, S. 
Parida, and P. Bhargava, “In-situ carbon 
coated manganese oxide nanorods 
13
Application of Ferrites as Electrodes for Supercapacitor
DOI: http://dx.doi.org/10.5772/intechopen.99381
(ISCC-MnO <inf>2</inf> NRs) as an 
electrode material for supercapacitors,” 
Diam. Relat. Mater., vol. 94, pp. 110-117, 
2019, doi: 10.1016/j.
diamond.2019.03.003.
[30] X. Wang, D. Wu, X. Song, W. Du, 
X. Zhao, and D. Zhang, “Review on 
Carbon / Polyaniline Hybrids : Design 
and Synthesis for Supercapacitor,” 
Molecules, vol. 24, no. 12, pp. 2263, 
2019, doi: 10.3390/molecules24122263 
2019.
[31] H. Pan, J. Li, and Y. Ping, “Carbon 
Nanotubes for Supercapacitor,” 
Nanoscale Research Letters, vol. 5, pp. 
654-668, 2010, doi: 10.1007/s11671-009- 
9508-2.
[32] V. C. Bose and V. Biju, “Mixed 
valence nanostructured Mn<inf>3</
inf>O<inf>4</inf> for supercapacitor 
applications,” Bull. Mater. Sci., vol. 38, 
no. 4, pp. 865-873, 2015, doi: 10.1007/
s12034-015-0906-z.
[33] Z. S. Wu, W. Ren, D. W. Wang, F. Li, 
B. Liu and H. M. Cheng, “High-Energy 
MnO 2 Nanowire/Graphene and 
Graphene Asymmetric Electrochemical 
Capacitors,” ACS Nano, vol. 4, no. 10, 
pp. 5835-5842, 2010, doi: org/10.1021/
nn101754k
[34] S. Nayak et al., “Sol–gel synthesized 
BiFeO3–Graphene nanocomposite as 
efficient electrode for supercapacitor 
application,” J. Mater. Sci. Mater. 
Electron., vol. 29, no. 11, pp. 9361-9368, 
2018, doi: 10.1007/s10854-018- 
8967-6.
[35] M. Notarianni, J. Liu, F. Mirri, M. 
Pasquali, and N. Motta, “Graphene-
based supercapacitor with carbon 
nanotube film as highly efficient current 
collector,” Nanotechnology, vol. 25, no. 
43, 2014, doi: 10.1088/0957-4484/ 
25/43/435405.
[36] J. J. Yoo et al., “Ultrathin Planar 
Graphene Supercapacitors,” Nano Lett., 
vol. 11, no. 4, pp. 1423-1427, 2011, doi: 
org/10.1021/nl200225j.
[37] E. Frackowiak, K. Metenier, V. 
Bertagna, and F. Beguin, 
“Supercapacitor electrodes from 
multiwalled carbon nanotubes,” Appl. 
Phys. Lett., vol. 77, no. 15, pp. 2421-
2423, 2010, doi: org/10.1063/1.1290146.
[38] Y. Wang et al., “Supercapacitor 
Devices Based on Graphene Materials,” 
J. Phys. Chem. C, vol. 113, no. 30, pp. 
13103-13107, 2009, doi.org/10.1021/
jp902214f.
[39] M. I. A. Abdel Maksoud et al., 
Advanced materials and technologies 
for supercapacitors used in energy 
conversion and storage: a review, 
Environ Chem Lett, vol. 19, pp. 375-439, 
2021, doi.org/10.1007/s10311-020- 
01075-w.
[40] M. Zhi, C. Xiang, J. Li, M. Li, and N. 
Wu, “Nanostructured carbon-metal 
oxide composite electrodes for 
supercapacitors: A review,” Nanoscale, 
vol. 5, no. 1, pp. 72-88, 2013, doi: 
10.1039/c2nr32040a.
[41] Z. Lin et al., “Materials for 
supercapacitors: When Li-ion battery 
power is not enough”, Materials Today, 
vol. 21, pp. 419-436, 2018, doi: 
org/10.1016/j.mattod.2018.01.035.
[42] N. Choudhary et al., “Asymmetric 
Supercapacitor Electrodes and Devices,” 
Adv. Mater., vol. 29, no. 21, pp. 1605336, 
2017, doi: 10.1002/adma.201605336.
[43] A. Soam and R. Kumar, 
“Preparation of MnO2 Nanoparticles by 
a solution based approach for 
electrochemical capacitor,” Surf. Rev. 
Lett., vol. 27, no. 8, pp. 21-26, 2020, doi: 
10.1142/S0218625X19501993.
[44] Z. S. Iro, C. Subramani, and S. S. 
Dash, “A brief review on electrode 
materials for supercapacitor,” Int. J. 
Electrochem. Sci., vol. 11, no. 12, pp. 
Ferrites - Synthesis and Applications
14
10628-10643, 2016, doi: 10.20964/ 
2016.12.50.
[45] X. Yao, J. Kong, D. Zhou, C. Zhao, R. 
Zhou, and X. Lu, “Mesoporous zinc 
ferrite / graphene composites : Towards 
ultra-fast and stable anode for lithium-
ion batteries,” Carbon, vol. 79, pp. 
493-499, 2014, doi: 10.1016/j.
carbon.2014.08.007.
[46] V. Venkatachalam and R. Jayavel, 
“Novel Synthesis of Ni-Ferrite 
(NiFe2O4) Electrode Material for 
Supercapacitor Applications,” AIP 
Conference Proceedings, vol. 1665, no. 
140016, 2015, doi: 10.1063/1.4918225.
[47] P. V. Shinde, N. M. Shinde, R. S. 
Mane, and K. H. Kim, Chapter 5 
- Ferrites for Electrochemical 
Supercapacitors, Editor(s): Rajaram S. 
Mane, Vijaykumar V. Jadhav, In Micro 
and Nano Technologies, Spinel Ferrite 
Nanostructures for Energy Storage 
Devices, Elsevier, 2020, pages 83-122, 
ISBN 9780128192375, doi: org/10.1016/
B978-0-12-819237-5.00005-5.
[48] A. Soam, R. Kumar, D. Thatoi, and 
M. Singh, “Electrochemical 
Performance and Working Voltage 
Optimization of Nickel Ferrite/
Graphene Composite based 
Supercapacitor,” J. Inorg. Organomet. 
Polym. Mater., vol. 30, no. 9, pp. 
3325-3331, 2020, doi: 10.1007/
s10904-020-01540-7.
[49] S. Kuo and N. Wu, “Study on ferrites 
for supercapacitor application,” 56th 
Annu. Meet. Int. Soc. Electrochem., no. 
December, pp. 1-5, 2015.
[50] S. F. Shaikh, M. Ubaidullah, R. S. 
Mane, and A. M. Al-Enizi, Chapter 4 
- Types, Synthesis methods and 
applications of ferrites, Editor(s): 
Rajaram S. Mane, Vijaykumar V. Jadhav, 
In Micro and Nano Technologies, Spinel 
Ferrite Nanostructures for Energy 
Storage Devices, Elsevier, 2020, Pages 
51-82, ISBN 9780128192375, doi.
org/10.1016/B978-0-12-819237-5. 
00004-3.
[51] V. V Jadhav, M. K. Zate, S. Liu, and 
M. Naushad, “Mixed-phase bismuth 
ferrite nanoflake electrodes for 
supercapacitor application,” Appl. 
Nanosci., vol. 6, no. 4, pp. 511-519, 2016, 
doi: 10.1007/s13204-015-0469-8.
[52] V. S. Kumbhar, A. D. Jagadale, N. M. 
Shinde, and C. D. Lokhande, “Chemical 
synthesis of spinel cobalt ferrite (CoFe 2 
O 4 ) nano-flakes for supercapacitor 
application,” Appl. Surf. Sci., vol. 259, 
pp. 39-43, 2012, doi: 10.1016/j.
apsusc.2012.06.034.
[53] B. Wang et al., “Electrocapacitive 
properties of MnFe2O4 electrodes in 
aqueous LiNO3 electrolyte with 
surfactants,” Int. J. Electrochem. Sci., 
vol. 8, no. 7, pp. 8966-8977, 2013.
[54] N. Masunga, O. K. Mmelesi, K. K. 
Kefeni, and B. B. Mamba, “Recent 
advances in copper ferrite nanoparticles 
and nanocomposites synthesis, 
magnetic properties and application in 
water treatment: Review,” J. Environ. 
Chem. Eng., vol. 7, no. 3, p. 103179, 
2019, doi: 10.1016/j.jece.2019.103179.
[55] A. Shanmugavani, D. Kalpana, and 
R. K. Selvan, “Electrochemical 
properties of CoFe2O4 nanoparticles as 
negative and Co(OH)2 and Co2Fe(CN)6 
as positive electrodes for 
supercapacitors,” Mater. Res. Bull., vol. 
71, pp. 133-141, 2015, doi: 10.1016/j.
materresbull.2015.04.018.
[56] C. Paper, S. Patil, M. Chithra, S. C. 
Sahoo, and P. B. Patil, “Cobalt Ferrite 
Nanoparticles for Supercapacitor, AIP 
Conference Proceedings vol. 2265, no. 
030162, 2020, https://doi.
org/10.1063/5.0017184.
[57] A. E. Elkholy, F. El-Taib Heakal, and 
N. K. Allam, “Nanostructured spinel 
manganese cobalt ferrite for high-
performance supercapacitors,” RSC 
15
Application of Ferrites as Electrodes for Supercapacitor
DOI: http://dx.doi.org/10.5772/intechopen.99381
Adv., vol. 7, no. 82, pp. 51888-51895, 
2017, doi: 10.1039/c7ra11020k.
[58] S. G. Kandalkar, J. L. Gunjakar, and 
C. D. Lokhande, “Preparation of cobalt 
oxide thin films and its use in 
supercapacitor application,” Applied 
Surface Science, vol. 254, pp. 5540-
5544, 2008, doi: 10.1016/j.
apsusc.2008.02.163.
[59] S. M. Alshehri, J. Ahmed, A. N. 
Alhabarah, T. Ahamad, and T. Ahmad, 
“Nitrogen-Doped Cobalt Ferrite/Carbon 
Nanocomposites for Supercapacitor 
Applications,” ChemElectroChem, vol. 
4, no. 11, pp. 2952-2958, 2017, doi: 
10.1002/celc.201700602.
[60] S. J. Pawar, S. M. Patil, M. Chithra, 
S. C. Sahoo, and P. B. Patil, “Cobalt 
ferrite nanoparticles for supercapacitor 
application,” AIP Conf. Proc., vol. 2265, 
no. 030162, 2020, doi: 10.1063/5. 
0017184.
[61] Y. X. Zhang, X. D. Hao, Z. P. Diao, J. 
Li, and Y. M. Guan, “One-pot 
controllable synthesis of flower-like 
CoFe2O 4/FeOOH nanocomposites for 
high-performance supercapacitors,” 
Mater. Lett., vol. 123, pp. 229-234, 2014, 
doi: 10.1016/j.matlet.2014.02.103.
[62] V. A. Jundale, D. A. Patil, G. Y. 
Chorage, and A. A. Yadav, “Mesoporous 
cobalt ferrite thin film for 
supercapacitor applications,” Mater. 
Today Proc., vol. 43, pp. 2711-2715, 
2020, doi: 10.1016/j.matpr.2020.06.204.
[63] H. Kennaz et al., “Synthesis and 
electrochemical investigation of spinel 
cobalt ferrite magnetic nanoparticles for 
supercapacitor application,” J. Solid 
State Electrochem., vol. 22, no. 3, pp. 
835-847, 2018, doi: 10.1007/
s10008-017-3813-y.
[64] P. He, K. Yang, W. Wang, F. Dong, 
L. Du, and Y. Deng, “Reduced graphene 
oxide-CoFe2O4 composites for 
supercapacitor electrode,” Russ. J. 
Electrochem., vol. 49, no. 4, pp. 359-
364, 2013, doi: 10.1134/
S1023193513040101.
[65] P. Xiong, H. Huang, and X. Wang, 
“Design and synthesis of ternary cobalt 
ferrite/graphene/polyaniline 
hierarchical nanocomposites for high-
performance supercapacitors” J. Power 
Sources, vol. 245, pp. 937-946, 2014, doi: 
10.1016/j.jpowsour.2013.07.064.
[66] W. Cai, T. Lai, W. Dai, and J. Ye, “A 
facile approach to fabricate flexible 
all-solid-state supercapacitors based on 
MnFe2O4/graphene hybrids,” J. Power 
Sources, vol. 255, pp. 170-178, 2014, doi: 
10.1016/j.jpowsour.2014.01.027.
[67] B. Bashir et al., “Copper doped 
manganese ferrites nanoparticles 
anchored on graphene nano-sheets for 
high performance energy storage 
applications,” J. Alloys Compd., vol. 695, 
pp. 881-887, 2017, doi: 10.1016/j.
jallcom.2016.10.183.
[68] L. H. Nonaka, T. S. D. Almeida, C. 
B. Aquino, S. H. Domingues, R. V. 
Salvatierra, and V. H. R. Souza, 
“Crumpled Graphene Decorated with 
Manganese Ferrite Nanoparticles for 
Hydrogen Peroxide Sensing and 
Electrochemical Supercapacitors,” ACS 
Appl. Nano Mater., vol. 3, no. 5, pp. 
4859-4869, 2020, doi: 10.1021/
acsanm.0c01012.
[69] V. Vignesh, K. Subramani, M. 
Sathish, and R. Navamathavan, 
“Electrochemical investigation of 
manganese ferrites prepared via a facile 
synthesis route for supercapacitor 
applications,” Colloids Surfaces A 
Physicochem. Eng. Asp., vol. 538, pp. 
668-677, 2018, doi: 10.1016/j.
colsurfa.2017.11.045.
[70] P. Guo et al., “Electrochemical 
properties of colloidal nanocrystal 
assemblies of manganese ferrite as the 
electrode materials for supercapacitors,” 
J. Mater. Sci., vol. 52, no. 9, pp. 
Ferrites - Synthesis and Applications
16
5359-5365, 2017, doi: 10.1007/
s10853-017-0778-2.
[71] S.-L. Kuo, J.-F. Lee, and N.-L. Wu, 
“Study on Pseudocapacitance 
Mechanism of Aqueous MnFe[sub 2]
O[sub 4] Supercapacitor,” J. 
Electrochem. Soc., vol. 154, no. 1, p. 
A34, 2007, doi: 10.1149/1.2388743.
[72] R. Wang et al., “Electrochemical 
properties of manganese ferrite-based 
supercapacitors in aqueous electrolyte: 
The effect of ionic radius,” Colloids 
Surfaces A Physicochem. Eng. Asp., vol. 
457, no. 1, pp. 94-99, 2014, doi: 
10.1016/j.colsurfa.2014.05.059.
[73] I. Kotutha, E. Swatsitang, W. 
Meewassana, and S. Maensiri, “One-pot 
hydrothermal synthesis, 
characterization, and electrochemical 
properties of rGO/MnFe2O4 
nanocomposites,” Jpn. J. Appl. Phys., 
vol. 54, no. 6, 2015, doi: 10.7567/
JJAP.54.06FH10.
[74] P. Xiong, C. Hu, Y. Fan, W. Zhang, J. 
Zhu, and X. Wang, “Ternary manganese 
ferrite/graphene/polyaniline 
nanostructure with enhanced 
electrochemical capacitance 
performance,” J. Power Sources, vol. 
266, pp. 384-392, 2014, doi: 10.1016/j.
jpowsour.2014.05.048.
[75] K. V. Sankar and R. K. Selvan, “The 
ternary MnFe2O4/graphene/polyaniline 
hybrid composite as negative electrode 
for supercapacitors,” J. Power Sources, 
vol. 275, pp. 399-407, 2015, doi: 
10.1016/j.jpowsour.2014.10.183.
[76] M. M. Vadiyar et al., 
“Mechanochemical growth of a porous 
ZnFe2O4 nano-flake thin film as an 
electrode for supercapacitor 
application,” RSC Adv., vol. 5, no. 57, pp. 
45935-45942, 2015, doi: 10.1039/
c5ra07588b.
[77] M. M. Vadiyar, S. S. Kolekar, J. Y. 
Chang, A. A. Kashale, and A. V. Ghule, 
“Reflux Condensation Mediated 
Deposition of Co3O4 Nanosheets and 
ZnFe2O4 Nanoflakes Electrodes for 
Flexible Asymmetric Supercapacitor,” 
Electrochim. Acta, vol. 222, pp. 1604-
1615, 2016, doi: 10.1016/j.
electacta.2016.11.146.
[78] M. M. Vadiyar, S. S. Kolekar, J. Y. 
Chang, Z. Ye, and A. V. Ghule, 
“Anchoring Ultrafine ZnFe2O4/C 
Nanoparticles on 3D ZnFe2O4 
Nanoflakes for Boosting Cycle Stability 
and Energy Density of Flexible 
Asymmetric Supercapacitor,” ACS Appl. 
Mater. Interfaces, vol. 9, no. 31, pp. 
26016-26028, 2017, doi: 10.1021/
acsami.7b06847.
[79] M. M. Vadiyar, S. S. Kolekar, N. G. 
Deshpande, J. Y. Chang, A. A. Kashale, 
and A. V. Ghule, “Binder-free chemical 
synthesis of ZnFe2O4 thin films for 
asymmetric supercapacitor with 
improved performance,” Ionics (Kiel)., 
vol. 23, no. 3, pp. 741-749, 2017, doi: 
10.1007/s11581-016-1833-8.
[80] M. M. Vadiyar, S. C. Bhise, S. K. 
Patil, S. S. Kolekar, J. Y. Chang, and A. V. 
Ghule, “Comparative Study of 
Individual and Mixed Aqueous 
Electrolytes with ZnFe2O4 Nano–flakes 
Thin Film as an Electrode for 
Supercapacitor Application,” 
ChemistrySelect, vol. 1, no. 5, pp. 
959-966, 2016, doi: 10.1002/
slct.201600151.
[81] M. Zhu, X. Zhang, Y. Zhou, C. 
Zhuo, J. Huang, and S. Li, “Facile 
solvothermal synthesis of porous 
ZnFe2O4 microspheres for capacitive 
pseudocapacitors,” RSC Adv., vol. 5, no. 
49, pp. 39270-39277, 2015, doi: 10.1039/
c5ra00447k.
[82] L. Li et al., “Uniformly Dispersed 
ZnFe2O4 Nanoparticles on Nitrogen- 
Modified Graphene for High- 
Performance Supercapacitor as 
Electrode,” Scientific Reports, vol. 7, no. 
43116, 2017, doi: 10.1038/srep43116.
17
Application of Ferrites as Electrodes for Supercapacitor
DOI: http://dx.doi.org/10.5772/intechopen.99381
[83] M. B. Askari, P. Salarizadeh, M. 
Seifi, M. H. Ramezan zadeh, and A. Di 
Bartolomeo, “ZnFe2O4 nanorods on 
reduced graphene oxide as advanced 
supercapacitor electrodes,” J. Alloys 
Compd., vol. 860, p. 158497, 2021, doi: 
10.1016/j.jallcom.2020.158497.
[84] M. M. Vadiyar et al., “Contact angle 
measurements: A preliminary 
diagnostic tool for evaluating the 
performance of ZnFe2O4 nano-flake 
based supercapacitors,” Chem. 
Commun., vol. 52, no. 12, pp. 2557-
2560, 2016, doi: 10.1039/c5cc08373g.
[85] S. S. Raut and B. R. Sankapal, “First 
report on synthesis of ZnFe2O4 thin 
film using successive ionic layer 
adsorption and reaction: Approach 
towards solid-state symmetric 
supercapacitor device,” Electrochim. 
Acta, vol. 198, pp. 203-211, 2016, doi: 
10.1016/j.electacta.2016.03.059.
[86] A. Shanmugavani and R. K. Selvan, 
“Synthesis of ZnFe2O4 nanoparticles 
and their asymmetric configuration 
with Ni(OH)2 for a pseudocapacitor,” 
RSC Adv., vol. 4, no. 51, pp. 27022-
27029, 2014, doi: 10.1039/c4ra01793e.
[87] M. M. Vadiyar, S. C. Bhise, S. S. 
Kolekar, J. Y. Chang, K. S. Ghule, and A. 
V. Ghule, “Low cost flexible 3-D aligned 
and cross-linked efficient ZnFe2O4 
nano-flakes electrode on stainless steel 
mesh for asymmetric supercapacitors,” 
J. Mater. Chem. A, vol. 4, no. 9, pp. 
3504-3512, 2016, doi: 10.1039/
c5ta09022a.
[88] S. S. Raut, B. R. Sankapal, M. S. A. 
Hossain, S. Pradhan, R. R. Salunkhe, 
and Y. Yamauchi, “Zinc Ferrite 
Anchored Multiwalled Carbon 
Nanotubes for High-Performance 
Supercapacitor Applications,” Eur. J. 
Inorg. Chem., vol. 2018, no. 2, pp. 
137-142, 2018, doi: 10.1002/
ejic.201700836.
[89] A. Soam, C. Mahender, R. Kumar, 
and M. Singh, “Power performance of 
BFO-graphene composite electrodes 
based supercapacitor,” Mater. Res. 
Express, vol. 6, no. 2, 2019, doi: 
10.1088/2053-1591/aaf125.
[90] L. Mao, K. Zhang, H. S. On Chan, 
and J. Wu, “Nanostructured MnO2/
graphene composites for supercapacitor 
electrodes: The effect of morphology, 
crystallinity and composition,” J. Mater. 
Chem., vol. 22, no. 5, pp. 1845-1851, 
2012, doi: 10.1039/c1jm14503g.
[91] S. Anwar, K. S. Muthu, V. Ganesh, 
and N. Lakshminarasimhan, “A 
Comparative Study of Electrochemical 
Capacitive Behavior of NiFe2O4 
Synthesized by Different Routes,” J. 
Electrochem. Soc., vol. 158, no. 8, p. 
A976, 2011, doi: 10.1149/1.3601863.
[92] N. Kumar, A. Kumar, G. M. Huang, 
W. W. Wu, and T. Y. Tseng, “Facile 
synthesis of mesoporous NiFe2O4/CNTs 
nanocomposite cathode material for 
high performance asymmetric 
pseudocapacitors,” Appl. Surf. Sci., vol. 
433, pp. 1100-1112, 2018, doi: 10.1016/j.
apsusc.2017.10.095.
[93] Z. Y. Yu, L. F. Chen, and S. H. Yu, 
“Growth of NiFe2O4 nanoparticles on 
carbon cloth for high performance 
flexible supercapacitors,” J. Mater. 
Chem. A, vol. 2, no. 28, pp. 10889-
10894, 2014, doi: 10.1039/c4ta00492b.
[94] M. S. Javed, C. Zhang, L. Chen, Y. 
Xi, and C. Hu, “Hierarchical 
mesoporous NiFe2O4 nanocone forest 
directly growing on carbon textile for 
high performance flexible 
supercapacitors,” J. Mater. Chem. A, vol. 
4, no. 22, pp. 8851-8859, 2016, doi: 
10.1039/c6ta01893a.
[95] B. Senthilkumar, R. Kalai Selvan, P. 
Vinothbabu, I. Perelshtein, and A. 
Gedanken, “Structural, magnetic, 
electrical and electrochemical 
properties of NiFe2O4 synthesized by 
the molten salt technique,” Mater. 
Chem. Phys., vol. 130, no. 1-2, pp. 
Ferrites - Synthesis and Applications
18
285-292, 2011, doi: 10.1016/j.
matchemphys.2011.06.043.
[96] N. Kumar, A. Kumar, S. 
Chandrasekaran, and T. Y. Tseng, 
“Synthesis of Mesoporous NiFe2O4 
Nanoparticles for Enhanced 
Supercapacitive Performance,” J. Clean 
Energy Technol., vol. 6, no. 1, pp. 51-55, 
2018, doi: 10.18178/jocet.2018.6.1.435.
[97] M. Fu, W. Chen, X. Zhu, and Q. Liu, 
“One-step preparation of one 
dimensional nickel ferrites / graphene 
composites for supercapacitor electrode 
with excellent cycling stability,” J. Power 
Sources, vol. 396, no. March, pp. 41-48, 
2018, doi: 10.1016/j.jpowsour.2018. 
06.019.
[98] A. Soam et al., “Synthesis of Nickel 
Ferrite Nanoparticles Supported on 
Graphene Nanosheets as Composite 
Electrodes for High Performance 
Supercapacitor,” ChemistrySelect, vol. 
4, no. 34, pp. 9952-9958, 2019, doi: 
10.1002/slct.201901117.
[99] W. Wang, Q. Hao, W. Lei, X. Xia, 
and X. Wang, “Ternary nitrogen-doped 
graphene / nickel ferrite / polyaniline 
nanocomposites for high-performance 
supercapacitors,” J. Power Sources, vol. 
269, pp. 250-259, 2014, doi: 10.1016/j.
jpowsour.2014.07.010.
[100] Z. Wang, X. Zhang, Y. Li, Z. Liu, 
and Z. Hao, “Synthesis of graphene-
NiFe2O4 nanocomposites and their 
electrochemical capacitive behavior,” J. 
Mater. Chem. A, vol. 1, no. 21, pp. 
6393-6399, 2013, doi: 10.1039/
c3ta10433h.
[101] B. Senthilkumar, K. Vijaya Sankar, 
C. Sanjeeviraja, and R. Kalai Selvan, 
“Synthesis and physico-chemical 
property evaluation of PANI-NiFe 2O4 
nanocomposite as electrodes for 
supercapacitors,” J. Alloys Compd., vol. 
553, pp. 350-357, 2013, doi: 10.1016/j.
jallcom.2012.11.122.
